Molecular cloning and characterization of the human beta-like globin gene cluster.
The genes encoding human embryonic (epsilon), fetal (G gamma, A gamma) and adult (delta, beta) beta-like globin polypeptides were isolated as a set of overlapping cloned DNA fragments from bacteriophage lambda libraries of high molecular weight (15-20 kb) chromosomal DNA. The 65 kb of DNA represented in these overlapping clones contains the genes for all five beta-like polypeptides, including the embryonic epsilon-globin gene, for which the chromosomal location was previously unknown. All five genes are transcribed from the same DNA strand and are arranged in the order 5'-epsilon-(13.3 kb)-G gamma-(3.5 kb)-A gamma-(13.9 kb)-delta-(5.4 kb)-beta-3'. Thus the genes are positioned on the chromosome in the order of their expression during development. In addition to the five known beta-like globin genes, we have detected two other beta-like globin sequences which do not correspond to known polypeptides. One of these sequences has been mapped to the A gamma-delta intergenic region while the other is located 6-9 kb 5' to the epsilon gene. Cross hybridization experiments between the intergenic sequences of the gene cluster have revealed a nonglobin repeat sequence (*) which is interspersed with the globin genes in the following manner: 5'-**epsilon-*G gamma-A gamma*-**delta-beta*-3'. Fine structure mapping of the region located 5' to the delta-globin gene revealed two repeats with a maximum size of 400 bp, which are separated by approximately 700 bp of DNA not repeated within the cluster. Preliminary experiments indicate that this repeat family is also repeated many times in the human genome.